bottom glass tube. The CL measurements were performed using a Lumat LB9507 luminometer (Berthold, Wildbad, Germany). Uncorrected fluorescence excitation and emission spectra were obtained using a Hitachi F2000 fluorescence spectrometer (Tokyo, Japan). FAB-MS were taken with a JEOL (Tokyo, Japan) JMS600 spectrometer. 1 H-NMR spectra were taken in chloroform-d 1 (CDCl 3 ) and DMSO-d 6 ((CD 3 ) 2 SO) with a Varian UNITY plus spectrometer (U.S.A.) at 500 MHz.
Synthesis of 4-( p-Substituted Benzyl)amino-N-methylphthalimide (2a-e)
Compound 1 (0.352 g, 2 mmol) and p-substituted benzyl bromide or chloride (2 mmol) were dissolved in N,N-dimethyl formamide (DMF) (5 ml). The mixture was refluxed with stirring for 8 h. The reaction mixture was purified by column chromatography on silica gel with CHCl 3 -Me 2 CO (15 : 1, v/v) as the eluent. Each fraction corresponding to 2a-e was collected and evaporated to dryness under reduced pressure. 
Synthesis of N-(4-Substituted
Benzyl)isoluminol (3a-e) Hydrazine hydrate (500 ml) was added to a suspension of 2a-e (1 mmol) in EtOH (5 ml). The mixture was refluxed for 3 h. The mixture was then added to 1 M HCl (100 ml) and stirred at room temperature for 1 h. The resulting precipitate was collected and recrystallized from aqueous acetic acid to give compounds 3a-e as white crystals 3a, b and yellow crystals 3c-e, respectively.
6-Benzylamino-2,3-dihydrophthalazine-1,4-dione (3a): Yield 23% from 2a. mpϭ223-225°C. 1 CL Property To 200 ml of a 10 nM stock solution, 50 ml of 40 mM potassium hexacyanoferrate(III) in 0.1 M Na 2 CO 3 and 50 ml of 20 mM hydrogen peroxide were added by automatic injection. The CL intensities were measured for 1 min and the integral photon counts were used.
Fluorescence of the CL Reaction Product To 400 ml of the 1 mM stock solution, 100 ml of 40 mM potassium hexacyanoferrate(III) in 0.1 M Na 2 CO 3 and 100 ml of 20 mM hydrogen peroxide were added and allowed to stand at room temperature for 1 h. The fluorescence excitation, emission maxima and relative intensities of the resulting mixtures were measured by a fluorescence spectrometer.
Hammett Substituent Constants The Hamett substituent constants (s p ) used in this study were cited from the review written by Hansch et al. 11) as follows; 3a (H, 0.00), 3b (Me, Ϫ0.17), 3c (OMe, Ϫ0.27), 3d (NO 2 , 0.78), 3e (Br, 0.23).
Results and Discussion
We synthesized isoluminol derivatives which were modified with a 4-substituted benzyl group through the amino group of isoluminol. By this modification, a change in the CL intensities was expected. Compound 3a-e produce CL by the reaction with hydrogen peroxide and potassium hexacyanoferrate(III) in the presence of alkaline medium. The CL intensity reached a maximum in a few seconds after the addition of hydrogen peroxide and potassium hexacyanoferrate(III) and then almost disappeared within one minute.
The effects of the concentrations of hydrogen peroxide and potassium hexacyanoferrate(III) on the CL intensity were examined (Fig. 2) . A 20 mM hydrogen peroxide and 40 mM potassium hexacyanoferrate(III) produced almost the maximum intensity. Under these reaction conditions, the CL intensities obtained from the seven derivatives were determined ( Table 1 ). The CL intensities of 3a-e were 0.03-4.7 times of isoluminol, and the intensities corresponded to 1/1000-9/50 of that obtained with luminol. In the CL of luminol, the 3-aminophthalate ion produced during the oxidizing reaction, has been shown to be the light emitter. Therefore, in the case of 3a-e, the corresponding dicarboxylate ions should be emitting species. The fluorescence properties (excitation and emission maximum wavelengths of the fluorescence and relative intensities) of the species were measured after the CL reactions were completed ( Table 2 ). The fluorescence intensities of 3a-e were 0.02-1.9 times larger than that of luminol. The fluorescence excitation and emission maximum wavelengths of 3a-e were almost the same as that of isoluminol.
The relationship between the amino-H chemical shift value and s p is shown in Fig. 3A . The electron donating substituent groups such as the methyl and methoxy groups cause upfield shifts of d for the amine proton. On the other hand, the electron accepting groups such as the bromo and nitro groups cause downfield shifts of d for the amine proton. Figure 3A showed a good linear correlation between the Hamett substituent constants and the amino-H chemical shift values. This result suggests that the change in the substituent group influences the electron density around the amino group. It is known that N-alkylated isoluminols have higher CL intensities than that of isoluminol. To explain this result, we examined the relationship between the CL intensities and the values of s p (Fig. 3B) . Introduction of the electron donating groups onto the amino nitrogen caused an increase in the CL intensity. On the other hand, the electron accepting group caused a decrease in the intensity. The intensities are proportional to the fluorescence intensities of the final products of the CL reaction. Thus, we examined the relationship between the fluorescence intensities and the values of s p (Fig. 3C) . Introduction of electron donating groups onto the amino nitrogen caused an increase in the fluorescence intensity, while the substitution of an electron accepting group onto the nitrogen caused a decrease in the intensity. These results suggest that the change in the electron density around the amino group strongly influences the fluorescence intensities and corresponding CL intensities of these derivatives. Thus, introduction of the electron donating groups onto the p-position of the benzyl group of the N-benzyl isoluminol enables us to develop luminol-type labelling reagents without any decrease in the CL intensity of the isoluminol. N-benzyl isoluminol can be easily synthesized and it can have various reactive substituent groups on the p-position of the benzyl group. The labelling reagent which has an electron donating group on the p-position of the benzyl group after the labelling reaction should have sufficient CL intensities and be useful for CL detection of biomicroanalyses. The synthesis of such labelling reagents for HPLC-CL analyses and their application are now in progress. 
